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28 may be present normally in the intestine of any animal, but true B. welchii infection from the alimentary canal does not seem to occur unless the intestine is already diseased. Niemann (1930) records the isolating of B. welchii from the various tissues of birds heavily infected with intestinal parasites. He states, " It would appear that B. welchii infection in the domesticated fowl is not a specific disease entity but a sporadic infection that may occur in a heavily parasitized flock." There is also a reference by Nakamura (1922) to a similar occurrence.
It seems reasonable to believe that if B. welchii be present in a diseased intestine in which conditions are suitable for the elaboration of its toxin, a true B. welchii toxLemia may result.
There are three diseases in sheep caused by organisms which, though bearing a strong resemblance to B. welchii, show some differences, and it is to these that we wish to refer chiefly. In this country a disease among lambs popularly termed lamb dysentery has occupied our attention for a number of years; it is caused by an anaerobe which has been tentatively named the " lamb dysentery bacillus " (L.D. bacillus). We have spent much time in studying lamb dysentery and the anaerobe associated with it. McEwen kindly gave us a culture of his B. paludis (C.T. 40) and
Bennett sent us a strain of his anaerobe (R. 2.). We have compared these three cultures and shall refer to them in the course of this discussion.
The three diseases.-Gaiger (1920) first drew attention to the occurrence of lamb dysentery in Scotland, but it was not until 1926 that we were able to state definitely that we had reproduced lamb dysentery by the feeding of cultures of the L.D. bacillus to young healthy lambs. The disease appeared to be confined to the border countries of Scotland and England for some years, but recently it has extended to practically every county in this country. It is characterized by an enteritis varying from a mild congestion of the intestinal mucous membrane to a condition in which large tracts of the small and large intestine become necrosed and ulcerated. On the surface of the inflamed mucous membrane and in the ulcers, practically pure cultures of the L.D. bacillus are found. Of the many cases examined, in only about 8 per cent. have we found the organism invading the body tissues, e.g., liver, kidney, blood, &c., from which it could be isolated in pure culture. Young lambs only are affected. For some time it was thought that B. coli was in some measure iesponsible for the causation of the whole condition. Following this idea and after the L.D. bacillus, which was at that time thought to be a, true B. welchii, had been found in association with the lesions, the theory was advanced that B. coli caused a primary inflammation of the intestinal mucous membrane and that B. welchii, which was also present, produced a fatal tox.%mia. In 1926, however, we were able to show definitely that B. coli played no part in the causation of the disease and that the so-called B. welchii, which we now know to have some characteristic differences, was the sole responsible agent. The disease is now completely controlled, as methods have been devised for the treatment of lambs soon after birth with anti-serum from the L.D. bacillus and for the ewes with antigens which are injected prior to the birth of the lamb. Incidentally, we have shown that lambs born from highly immune mothers are still susceptible and that they only become resistant about four hours after they have partaken of the colostrum from such immune mothers.
In a private communication from Bennett, Western Australia, the disease with which his strain of B. welchii-like organism is concerned, is described simply as a "braxy-like disease." We infer from this that the disease is characterized by sudden death and a gastritis or enteritis.
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A Comparison of the L.D. Bacillus, B. paludis and Bennett's Anaerobe with B. welchii. Symmonds (1915) was the first to give a reliable description of the morphological characters of B. welchii and from a study of the "sugar" reaction he divided the various strains he studied into four groups as under: 
_ .
Since 1915 many workers have described B. welchii and the salient characters of the organism are well known. It is with the difference between the anaerobes under discussion and B. welchii that we are concerned.
In 1926 The toxin of L.D. bacillus is much more potent than any we have even been able to produce from any strain of B. welchii with which we have worked. Its preparation is simple. The toxin is also hemolytic. High value antitoxin can readily be prepared in horses and can be shown to protect in small doses against many fatal doses of toxin and culture. A striking fact is that this antitoxin protects against ordinary B. welchii toxin or culture, but B. welchii antitoxin, even of very high value, does not protect against L.D. toxin. L.D. antitoxin also neutralizes the hasmolysin of both L.D. and B. welchii. B. welchii antitoxin similarly neutralizes its own haemolysin and that of L.D. toxin, although it cannot neutralize L.D. toxin. This is the more curious since the hwemolysin in L.D. filtrate can be used as a measure of L.D. toxin. L.D. bacilluts is more proteolytic than B. welchiz, as evidenced by its liquefying solid serum. With some strains liquefaction is slow, but appears after a sufficient period of incubation. Alkaline egg is clotted though some strains must be incubated for a prolonged period before positive results are found.
When grown on the usual range of "sugars," L.D. ferments those typically fermented by B. welchii. No strain of L.D. in our possession shows any indication of fermenting glycerine and because it also fails to ferment inulin, the organism falls into the Symmonds Group 4. In passing we may say that we have not been able to obtain from any laboratory anywhere examples of Symmonds Group 4. The acrolein test devised by Humphreys (1924) is negative for the L.D. bacillus.
The simplest explanation of the differences between this culture and B. welchii would be that the former consists of more than one anaerobe. In the study of our cultures every available technique, except the single cell isolation method, has been used to demonstrate this point and we have failed to show that the cultures are " impure." Furthermore, samples of the culture have been examined by several of the eminent anaerobe workers in this and other countries and, as far as we know, they have been unable to show the presence of more than one organism. From two Continental workers we have received strains of so-called " purified " L.D. bacillus; both strains, however, gave exactly the same results when examined by us as did the original cultures.
Bacillus paludis.-McEwen in his article on B. paludis refers to the L.D. bacillus and claims that the characters of the two bacilli, especially the active proteolytic properties of the L.D. bacillus, are sufficient to distinguish them. He also states that an antiserum made from B. paludis has no neutralizing effect upon cultures of B. welchii, and claims that this is a further distinguishing point between B. paluidis and the L.D. bacillus. We have spent some considerable time in examining McEwen's culture, and have just published our results (1931) . They clearly show that antigenically B. paludis and the L.D. bacillus are similar, i.e., L.D. antitoxin neutralizes the toxin of L.D., B. paludis and B. welchii; B. paludis antitoxin neutralizes the toxins of B. paludis, L.D. and B. welchii; B. welchii antitoxin neutralizes the toxin of B. welchii, but not the toxins of B. paludis or L.ID. Experiments on the active immunization properties of B. paludis were also carried out, and we found that B. paludis and L.D. cross-immunize. Further, a small experiment carried out in sheep in a lamb-dysentery area a year ago, showed that ewes actively immunized with B. paludis formol culture gave protection to their lambs against lamb dysentery quite as effectively as did those immunized with L.D. anaculture. We agree with McEwen, however, that B. paludis ferments glycerine readily, but, in our hands, B. paludis has proteolytic characters similar to the L.D. bacillus, for if incubated for a sufficient length of time the culture will cause a liquefying of solid serum and a clotting of alkaline egg. We must conclude, therefore, that B. paludis differs from L.D. bacilluts in one feature only, namely, that it ferments glycerine.
It gives a positive acrolein reaction-this is to be expected, because the reaction is directly related to the growth on, and fermentation of, glycerine.
Bennett's anaerobe.-We have examined at length a culture (R.2), which we received from Bennett, in 1930 . It shows typical B. welchii characteristics and ferments glycerine; it clots alkaline egg and shows some liquefaction of solid serum after prolonged incubation. It produces a toxin, but the toxin is much less potent than those of the "lamb dysentery bacillus," or B. paludis. The culture and its toxin, however, are neutralized by L.D. serum but not by B. wvelchii serum. A serum made in rabbits, using R.2 as an antigen, neutralizes L.D. and B. welchii toxins. R.2 toxin and antitoxin give complete cross neutralization with lamb dysentery and B. welchii cultures and toxins. Immunity experiments were carried out in guinea-pigs, and showed that there was some difficulty in immunizing these animals by the use of the R.2 antigen against L.D. or its own toxin. There was, however, some protection against both toxins. It would appear, therefore, that R.2 is a culture morphologically and culturally similar to B. paludis, except that the potency of its toxin is much less. This is, perhaps, an unimportant point, because strains of organisms vary considerably in toxicity. R. 2 shows the same differences from L.D. as did B. paludis, namely, it ferments glycerine, and is positive to the acrolein test.
It should be noted that in our study of these organisms no agglutination work has been done. In sheep, therefore, we can recognize at least three diseases which are apparently caused by organisms bearing a striking resemblance to B. welchii. The differences between these organisms and typical B. welchii have puzzled us for some considerable time; we cannot offer any explanation of the antigenic differences. The " purity" of the cultures may be criticized; we cannot pretend to vouch for the purity of B. paludis or R.2, but we feel that in view of our lengthy stidy of this organism we are justified, until single cell isolation can be carried out, in concluding that our L. D. bacillus culture is pure. Aniother interesting feature is the distribution of these organisms. In any lamb-dysentery area the L.D. bacillus can be isolated from infected pastures. If the L.D. bacillus and B. paludis are closely related, it seems strange that the older sheep in a lamb-dysentery area do not fall victims to B. paludis infection. In these areas it is rare to find sheep over the " lamb " age dying of any cause. Again, B. paludis must be present in many parts of the Romney Marsh and, as far as our information goes, there is not a heavy death-rate among lambs such as one finds in a lamb-dysentery area. An explanation of the former may be that the lambs become immunized on the lamb-dysentery infected land. This explanation, however, cannot hold good for the Romney Marsh.
Recently, another organism of the B. welchii type has been sent us from Victoria, Australia. It has been isolated from the intestine of young sheep which have suffered from a fatal enteritis. We have not yet had the opportunity of studying this organism fully.
We would conclude from our work that, though typical B. uelchii may be isolated from sheep under normal and diseased conditions, it is probable that the B. welchii-like organism causing specific diseases in sheep varies somewhat from typical B. welchii. We venture the suggestion that the group of organisms referred to as B. welchii contains several antigenically and culturally different types.
Mr. A. D. McEwen: There is often no explanation why micro-organisms of the gas-gangrene group produce disease in animals. The causal organism of black disease of sheep may be found in the normal liver tissue of sheep in black disease areas. When these sheep are subjected to a liver-fluke infestation the immature flukes wandering in the liver injure the tissue and thus function as activators for bacterial spores lying latent in the liver. The spores germinate and further tissue destruction, toxasmia and death result. Here we have a remarkable explanation of why sheep succumb to infection with a bacterium of the B. cedernatiens type.
On the other hand there is not even a plausible explanation to account for the invasion of the muscles with B. chauvwi in the disease blackquarter of cattle. Apparently the infection is not through any external wound. Possibly the bacteria gain access to the body via the alimentary canal, but what activates the bacteria which reach the voluntary muscles is not known. Like the other members of the gas-gangrene group, B. chauvwi, if washed, may be inoculated into the muscles without causing disease.
This same organism is the cause of gas gangrene of sheep, but here the infection is through wounds, and it is easy to understand the infection starting in injured tissue and spreading to surrounding parts. The diseases bradsot, or braxy, and lamb dysentery are examples of alimentary infection with anaerobic bacteria, and with both diseases there are cases where there is invasion of the wall of the stomach or the intestine with the causal microorganism before death. The former disease is attributed to V. septiquie, and the latter to a bacillus resembling B. welchii, but much more toxicogenic. These bacteria are no doubt frequently present as saprophytes in the intestine of animals. There has been no satisfactory explanation advanced to account for the bacteria acquiring the capacity to invade the wall of the alimentary tract.
The presence of the bacteria in the tissues and their production of toxin as they multiply in the tissues are accepted as sufficient explanation of the cause of the disease. As these bacteria do not invade healthy tissue unless in the presence of preformed toxin or some other activator, the question may be asked, what enables these bacteria to invade the tissues in the first instance ? With braxy this difficulty has been admitted, and to meet it the suggestion has been made that ingested frozen food entering the rumen, climbs the adjacent walls of the abomasum, lowering their vitality, whereby the stomach wall becomes a prey to bacterial invasion. In view of the physiological arrangements of the ovine stomachs this explanation cannot be regarded as even probably the true one.
Hare and Glynn's studies on lamb dysentery are most interesting. They record a necrosis of the villi of the small intestine with petechial haemorrhages and ecchymoses of that organ and in this primary lesion bacteria were not implicated.
When the intestine was ulcerated organisms resembling B. welchii were found in the walls of the ulcer and were regarded as secondary invaders. Mainly on histopathological grounds they compared the disease with melbna neonatorum noting similarities between the two diseases. It is interesting to note that a number of Continental workers have associated melmna with a heavy B. welchii infection of the intestine and Needleman on bacteriological grounds has drawn attention to the similarity of the disease to lamb dysentery as in both there may be a heavy intestinal infection with bacteria of the B. welchii type. From the researches of Dalling and his co-workers, it must be accepted that the lamb-dysentery bacillus is the causal organism. Nevertheless, Hare and Glynn are probably correct in concluding that the initial lesions are independent of any bacterial invasion of the tissues and the cause of these lesions has not been explained.
Let us consider the disease of sheep on the Romney Marsh popularly called " struck." This disease in many ways resembles lamb dysentery and it is suggested that "struck" is actually caused by the absorption of the toxin of B. paludis (a bacillus very similar to the L.D. bacillus) the toxin being produced by the bacillus growing in a pabulum of the contents of the intestine. Should this be correct, may not a similar process be at play in lamb dysentery ? The disease "struck " is characterized by acute enteritis and peritonitis. Frequently the intestine is ulcerated. At the time of death, B. paludis is sometimes found in small numbers invading organs in the abdominal cavity, but in other cases the body tissues are sterile; when there is ulceration the bacteria may be seen invading the tissue at the periphery of the ulcer, but when there is no ulceration no bacteria are demonstrable invading the bowel and the intestinal lesions, as in lamb dysentery, are not due to bacterial invasion. Therefore " struck" may occur when the body tissues are sterile and the necrosis, htemorrhage and other lesions are attributed to the action and absorption of toxin from the alimentary canal.
B. paludis toxin has been demonstrated in the contents of the intestine of sheep at the time of death. The disease has been produced by feeding large quantities of B. paludis broth culture, but it has not been produced by feeding the filtrate of such cultures.
Centrifuged bacteria resuspended in broth and fed to sheep produced the disease. Similar bacteria resuspended in normal saline did not produce the disease when fed.
It is possible that bacteria in the intestine only produce a sufficiency of toxin to cause disease under exceptional conditions, chief among these conditions being the presence of suitable food material in the intestine for bacterial growth and toxin production, and it may be that an alimentary disturbance is also necessary to provide conditions where toxin as it is produced is not destroyed by the digestive processes.
The failure of toxin in filtrates of broth cultures to produce disease when fed is attributed to destruction or absorption of toxin in the rumen and reticulum and to a lesser extent in the abdomen. In " struck " and possibly in lamb dysentery as suggested by Hare and Glynn the bacteria are truly secondary invaders, being secondary to their own toxin.
These suggestions find support in the work of Williams on obstruction. He concluded that the death of the patient was often due to absorption of B. welchii toxin from tne obstructed intestine, the bacteria finding a suitable pabulum for toxin production in the contents of the obstructed bowel.
With the exception of diseases of alimentary origin such as lamb dysentery and "struLck" the domestic animals are very rarely subject to infection with bacteria of the B. welchii type.
In a large number of examinations made upon sheep which have died from wound gas-gangrene on ground where struck is enzootic, the gas-gangrene has never been found to be caused by B. paludis or by B. welchii. Nevertheless, the unwary might conclude that B. paludis gas-gangrene was common because the musculature of the "struck" sheep a few hours after death presents a picture which macroscopically resembles gas-gangrene and smears from the muscles show a rich infection with B. paludis. This, however, is entirely a post-mortem change.
Statements to the effect that B. welchii causes gas-gangrene in domestic animals can only be accepted when corroborative evidence rules out post-mortem invasion, and when the bacteriological data are sufficient to justify the recognition of the bacterial species. There are but few recorded cases fulfilling these requirements.
Miss Muriel Robertson: The B. welchii organisms form a group of extremely wide distribution, and also of curiously wide variation in toxicity and infecting power. Morphologically the bacillus stage is so characteristic and constant that to the eye there is a firm ocular basis for the collection that runs under the name. Its pathogenicity is so slight in some of the forms in which it is presented to both man and animals, that no milk sample under ordinary open conditions is free from it, and in America one of the salts commonly used in some districts to make bread rise was found to do this by means of the B. welchii organism present which multiplied and formed the requisite gas. The pathogenicity can, on the other hand, be so terrible that a man may die in eight hours from a fulminating gas gangrene set up by this organism in a wound which in itself is neither extensive nor serious.
The diseases produced by B. welchii in man are primarily the gas gangrenes with all their variations and complications, the acute intestinal conditions, and puerperal sepsis. I propose to leave all these in more competent hands. It is interesting in connection with the scope of the paper of the opener of the discussion to point out the less well recognized places in which B. welchii may turn up. I draw these from various sources and I propose to mention only a few. A chronic infection in the nose characterized by cedema, in a case of Dr. Elizabeth Lepper's, yielded a culture which I tested in all ways and found to be a typical averagely pathogenic B. welchii. Dr. Lepper has found another in a case of chronic. throat infection. She tells me that she has found only two or three cases in which an organism of this kind has been present out of many hundreds of infected tonsils examined. Samples of catgut were sent to be examined at the Lister Institute, owing to unsatisfactory results at a London hospital. The catgut was an iodized product kept in spirit. B. welchii was isolated by Dr. Mary Barratt from the thinnest of three thicknesses. Only a very few cocci were found in the aerobic cultures.
Finally, another case of rather particular interest was sent and worked out by Dr. Barratt. B. welchii was isolated from a catheter specimen of urine from a pregnant woman suffering from persistent vomiting; it was present in another specimen from the same case a week later, and two or three weeks after that B. sporogenes, B. multifermentans and B. welchii were all found. At the sixth month the patient gave birth to a dead fcetus. Samples of urine after her recovery no longer showed the organism.
I now turn to some of the cultural and antigenic characters. The B. welchii group can be held together loosely on morphology and more loosely on cultural characters, but when we touch on antigenic properties division quite as much as cohesion has to be accommodated in the collection.
In cultural characters an important variation is failure to clot milk in an otherwise quite characteristic organism capable of producing the expected lesions and death in susceptible animals. This strain is amenable to B. welchii antitoxin. In my experience one of these came from a virulent and fatal war gangrene and Stoddard described another under the name of B. egens. I also remember seeing one among a collection from gall-bladder infections in man shown at a laboratory meeting by Dr. Whitby some years ago.
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The proteolytic character described by Mr. Dalling in lamb dysentery leaves me unconvinced. I think that it is due to the almost universal microbic association of the B. welchii group with a member of the proteolytic sporogenes group. It will be called to mind that for twenty years, in the hands of bacteriologists no less capable than ourselves, B. welchii and Fraenkel's bacillus as it was known in Germany was considered to be a proteolytic organism. Moreover, I have found exactly the same type of proteolysis in the diagnosis room cultures and in typical original B. welchii cultures from all sources. I have handled Mr. Dalling's cultures and I do not consider that there are two pathogenic organisms present, I think he has exactly the same type of symbiotic mixture with a sporogenes form as any other B. welchii. I consider that all he postulates about its toxin is probably correct but the proteolysis is not a sound distinction between L.D. and ordinary B. welchii. in regard to the distinction between L.D. and B. paludis, I consider both these organisms to be culturally B. welchii group types. I made a simple full culture inoculation test in guinea-pigs and found that L.D. concentrated anti-serum in the big dose of 5 c.c. delayed by twenty-four hours only the death from B. paludis while completely protecting against L.D. The experiment has not been repeated and is therefore open to criticism.
I have on several occasions carried out this type of experiment with L.D. and B. welchii and obtained results in exact agreement with Mr. Dalling, i.e., L.D. antiserum will stop B. welchii but not the converse.
I should like in conclusion to add a few points purloined from my colleague, Dr. Felix. In the B. welchii group we have no H-antigen and therefore no largeflaking agglutination. The 0-antigen from B. welchii from human sources differs in different strains to a much greater extent than in B. tetani or V. septique; in other words type specificity is highly developed. This low degree of community of the 0-antigen is particularly well marked in agglutination tests with monovalent horse and rabbit sera, complement-fixation tests tend to reveal more overlapping than do the agglutination results.
If other anaerobes, for example, V. septique and B. tetani are used along with B. welchii in complement-fixation, overlapping of the 0-antigen between the three species is frequently found so that neither agglutination nor complement-fixation affords a reliable method of differentiation between B. welchii and other anaerobes.
B. paludis and B.L.D. when included in tests along with B. welchii show a more close relation to each other than to the B. welchii of human origin. This is shown by their having a greater community of antigen with V. septique. Complete crossagglutination tests have not so far been done.
The B. welchii group would sum up as a collection of organisms composed of at least two large subgroups: (1) B. welchii mostly of human origin, the members differing in serological type on their 0-antigen among themselves but producing one B. welchii toxin.
(2) A second subgroup L.D. derived from sheep marked also by variation in the 0-antigen and while bound together within it-self it is divided from the first subgroup by the more comprehensive though related character of its toxin. B. paludis either forms a third division or drops into the second.
Mr. B. W. Williams: In animals it appears that there are specific diseases which are attributable to B. welchii, or to varieties of B. welchii. In man, on the other hand, B. welchii, so far as I am aware, only takes part in human disease as a complication of some injury or other illness.
There is a further difference between human infection and experimental infections in animals. Experimental animals, such as the mouse, pigeon, and guinea-pig, are selected because of their extreme susceptibility to infection. Man appears to be relatively insusceptible and the presence of a small contanmination of B. welchii will not cause a material infection, except under special circumstances. B. welchii is, I believe, responsible for an important part of the toxwimia associated with acute intestinal obstruction and ileus. In these conditions-the bacillus is proliferating in the stagnant contents of the intestine, and the absorption of the toxin gives rise to symptoms without material bacterial invasion of the tissues.
To-day, we are concerned with the infection of human tissues with B. welchii.
B. welchii contamination in man nearly always results from the infection of a wound, accidental or operative, with material containing the organism or its spores. The very wide distribution of the organism in dust, soil, milk, and feces, means that this contamination may occur in a great variety of circumstances; it is, however, possible to group the cases roughly into classes which differ somewhat in their pathology and treatment.
The best-known group is that in which contamination occurs as a result of accident or injury. To this group belongs the war-wound type of gas-gangrene. The contamination most probably consists of spores, and infection will only result if there is a nidus in the form of foreign bodies, dead or damaged tissue, in which proliferation and toxin formation can begin. Complete early surgical excision of the dead and damaged tissue, in the absence of tension or any other factor which is likely to impair the circulation, will always avoid a serious B. welchii infection.
Mild transient infections may occur.
The next group, which results from the contamination of wounds with intestinal contents, is much less generally recognized. In this group the contamination often contains B. welchii in the actively proliferating vegetative form, and when there is intestinal obstruction the toxin also may be present. On the other hand, there is usually very little dead or damaged tissue and the abdominal wall, the most common site of these infections, has an excellent and unimpaired blood-supply. It follows therefore that there are occasional cases in which severe gas-gangrene develops, but there are an enormous number of mild or transient infections which probably are not recognized. A mild or transient anaerobic infection, however, is usually succeeded by an aerobic pyogenic infection, which may be extremely severe, or even fatal. It is suggested that it is the damage done by the transient anaerobic infection which often determines the severity of the subsequent pyogenic stage.
A third well-defined group of cases is that which occurs as a puerperal infection, usually arising in cases in which there has been obstetrical interference after the death of the child. This group has been discussed in another section by Dr. Wrigley. Lastly there are a certain number of cases in which B. welchii appears as a terminal infection in a patient dying from some other disease.
Diagnosis.-Tlie diagnosis of B. welchii infections of the gas-gangrene type has been fully described in the literature of war wounds and elsewhere. This is, however, a late stage and, short of heroic operative removal of infected tissue, there is little scope for treatment, even with modern sera. Further, except in injuries of the limbs, as in the first group of cases, there is little scope for heroic surgery. It is therefore proposed to discuss the diagnosis of the earliest stages of anaerobic infection, as typified in the bowel-contamination group of cases.
After operations such as the removal of a gangrenous appendix, or for acute obstruction caused by carcinoma of the large intestine, or a strangulated umbilical hernia, it will frequently be found that in from twelve to twenty-four hours the area about the wound becomes infiltrated, with a sluggish cellulitic appearance and is tender, and that there is a serous exudate, often brownish, containing droplets of free fat and occasionally a few bubbles. After from twenty-four to forty-eight hours a coppery discoloration appears and, if the infection is in the deeper layers, may appear first at fascial attachments, such as the iliac crest or round the umbilicus. This discoloration is accompanied by a palpable thickening in the tissues and is in reality an anaerobic cellulitis, as can be shown by culture of a drop of fluid obtained by puncture with a fine needle. At this stage, as a rule, the anaerobic infection subsides and pus cells appear in the exudate, as the pyogenic infection begins to take its place. Occasionally the anaerobic infection persists and spreads, and definite constitutional signs of anaerobic toxmemia begin to show. Now, severe welchii infections are always accompanied by enormous local proliferation of the organism, and I believe that it is possible, by careful observation of the local condition and examination of the exudates, to anticipate by some allimportant hours the development of a severe welchii infection. Unfortunately, the bacteriological identification of B. welchii is not a very simple matter, and skilled bacteriologists, particularly those skilled in anaerobic work, are not always available at short notice. In the time occupied in culture, or even animal inoculation, the patient either recovers or, sometimes, gets beyond the scope of treatment. Also, it is the relative abundance of B. welchii in the fresh exudate which is of importance. During the examination of a considerable number of such exudates stained by Gram's method, I have found that the presence of the spotted form of the bacillus could always be taken as evidence of the presence of B. welchii. This form is much more common in exudates than in cultures. Thus, with a little practice, it is possible in a very sbort time to make a reasonably certain diagnosis of the presence of B. welchii, and to form a fair estimate of the numbers present. In an ordinary smear-film, I should regard the presence of one bacillus resembling B. welchii under each field under a 1/12th objective as being indicative of a severe infection requiring immediate serum treatment and such measures to ensure free drainage as circumstances may allow.
The first step in making an early diagnosis of B. welchii infection is, of course, remembering the possibility of its occurrence.
Mr. Dickson Wright said that the organisms of the Bacillus welchii group were widely distributed in nature. They were normal inhabitants of the alimentary tract of man and most animals. The heavy infection with Bacillus welchii of the liver of the dog explained the phenomenon of "autolytic peritonitis." Gordon Taylor and Whitby had found the organism in the interior of gall-stones and in gangrenous cholecystitis. Evidence was now accumulating that in many animals the organism was almost a normal inhabitant of muscular and other tissues. The production of "autolytic peritonitis" in dogs was the starting point in these discoveries. This form of peritonitis was produced when a piece was removed from a dog's liver and dropped into the free peritoneal cavity; the animal invariably died within twenty-four hours from generalized peritonitis due to the Bacillus welchii. If another dog was injected intraperitoneally or intravenously with thousands of millions of the living organisms which had killed the first dog, it literally did not turn a hair! It was soon found that the same form of peritonitis was produced with autoclaved liver, sterile liver extracts, sterile bile. Andrews, Rewbridge and Hrdinahad recently shown that if a dog's bile was diverted into the pleural cavity or the muscles, a local condition of fatal gas gangrene developed, although the bile itself was sterile.
Even a sterile solution of bile salts gave the same results if sufficient quantity was employed. Moreover, these workers had found that the introduction of muscle, freshly-ground in a mortar, into the peritoneal cavity, produced a typical autolytic peritonitis, but if the muscle was autoclaved this did not take place. The crucial experiment was one in which six dogs had a leg constricted by a wire for twenty-four hours without breaking the skin. Into three of the legs a sterile liver extract was injected. After twenty-four hours the dogs were killed, and the control legs showed normal gangrene, the injected legs typical gas gangrene. These experiments confirmed in a striking fashion the discovery of anaerobic bacteria by Keith, in the muscles of hogs, guinea-pigs, rabbits, &c.
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In main gas gangrene might develop in the most mysterious manner. He, the speaker, and others had seen it in a contused limb without any break in the skin; it occurred in a most annoying way after certain operations such as amputations, simple cholecystectomy, appendicectomy and even tonsillectomy. The possibilities of the method of infection in post-operative gangrene were that the organisms (1) got into the tissues from a neighbouring viscus such as appendix, gall-bladder or colon when the operation had involved the opening of that viscus; (2) got in from the skin, instruments or the catgut; (3) were dormant in the tissues and were activated by operative or other trauma. The organisms might have found their way as a result of a previous septic wound in another part of the body or from the alimentary canal. In this last respect Arnold had shown quite conclusively that when the chyme had a pH of 8 the lymph in the thoracic duct contained 500 to 1,000 organisms per cubic centimetre. Was it not possible that the body could deal with all the living organisms that entered in this way, except the spore-bearers which were so tenacious of life ?
In any case the eccentric behaviour of the bacillus of Welch, under different circumstances, provided one of the greatest mysteries of bacteriology requiring elucidation at the present time.
Mr. Humphrey Neame stated that B. welchii infection of the human eyeball was a rare occurrence. Cases were occasionally reported in the ophthalmic literature for example that by Heath [1] in which a labourer was injured while chipping concrete with hammer and chisel. He was seen within twenty-four hours. Within a few hours of his admission to Hospital, he looked ill; his temperature was 98. 20 F. and his pulse 90. There was rapid development of chemosis and cedema of the upper lid and some proptosis. A bubble of gas could be seen occupying the greater part of the anterior chamber. Evisceration of the eyeball, coupled with intramuscular injection of 25 c.c. of anti-gas serum (welchii) and 10 c.c. into the orbit, was followed by subsidence of the inflammation and uneventful recovery. An organism with the characters of B. welchii was recovered from the vitreous.
Similar cases have been reported by James [2] and Ridley [3].
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